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Abstract 
The availability of rainfall data is fundamental for most hydrological analyses and for the design and 
management of water resources systems .There are many methods of spatial interpolation of rainfall 
despite their effectiveness and ease of use variables, the choice of one or the other depends on the aim of 
the study, but also on the territorial context of the area (surface, network density, etc.) .The study area is 
the coastal city of Annaba located in eastern Algeria, and which contains a low rainfall network density. 
The purpose of this study is to determine the most adequate rainfall interpolation technique. Three 
interpolation techniques, determinist and stochastic, have been tested by visual observation and cross-
validation, the best results were achieved by inverse distance weighting to characterize rainfall 
distribution. 
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Nomenclature 
IDW Inverse Distance Weighted 
CRS     Completely Regularized Spline 
KI  Indicator Kriging 
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KO      Ordinary kriging 
KR      Kriging 
KU      Universal Kriging 
CK      CoKriging 
KS       Simple Kriging 
CKO    Ordinary CoKriging 
TP          Thiessen Polygon 
 
1. Introduction  
 
Rainfall information is an important input in the hydrological modeling, predicting extreme 
precipitation events such as draughts and floods, estimating quantity and quality of surface water and 
groundwater. However, in most cases, the network of the precipitation measuring stations is sparse and 
available data are insufficient to characterize the highly variable precipitation and its spatial distribution. 
This is especially true in the case of developing countries like Algeria, where the complexity of the 
rainfall distribution is combined with the measurement difficulties. Therefore, it is necessary to find 
methods to estimate rainfall in areas where rainfall has not been measured, using data from the 
surrounding weather stations. 
Spatial interpolation can be used to estimate precipitation variables at other locations. Although there 
are several methods to perform this, it can be difficult to determine which one best reproduces actual 
conditions. Each methods advantages and disadvantages depend strongly on the characteristics of the data 
set: a method that fits well with some data can be unsuitable for a different set of data. Thus criteria must 
be found to decide whether the method chosen is suited for the point data set. It is also important to 
specify the aims of the interpolation, because different aims can require different criteria for evaluation of 
the interpolation [1-2]. 
Interpolation is a method or mathematical function that estimates the values at locations where no 
measured values are available [3]. There are many methods of spatial interpolation of rainfall despite their 
effectiveness and ease of use variables, the choice of one or the other depends on the aim of the study, but 
also on the territorial context of the area (surface, network density, etc.)[4]. 
 
Table1. Studies on spatial interpolation of rainfall variables; recommended methods are shown in bold. 
Region  Variable Interpolation methods            Source 
Switzerland Rainfall KO,KI                 [5] 
Russia Rainfall Locally weighted 
polynomial regression  
                [6] 
Norfolk Island  
                                            
Rainfall KR,IDW,TP,areal mean                 [7] 
Central USA  
 
Rainfall KU, optimal 
interpolation, KO, TP, 
inverse square distance  
                [8] 
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The aim of this comparative analysis is to determine the spatial interpolation method which is the most 
adequate for the city of Annaba, this study is made of two parts: the first consists of the presentation of a 
rainfall network in the city, the available data, and the different methods of spatial interpolation of 
precipitation, the second presents the methodological of the analysis and the results obtained from the 
evaluation of methods. 
 
2. Materials and methods 
 
2.1. Presentation of the study area and available data 
 
The  study region is located in northeast of Algeria, north of Mediterranean between 07 degree 27 and 
07 degree 45 north of latitude and 36 degree 36 and 36 degree 55 west of longitude. Annaba region has 
low measurement network density formed of ten rain gauges in an area of approximately 1429 km2; the 
rainfall data for this research was collected for a total of 29 years from 1980 to 2008 (fig.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. location of the study area and positions of the 10 rain gauges stations 
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South Africa  Rainfall IDW,KS,CKO,KU                [10] 
Germany Rainfall IDW,TP,KO,CKO,KOR                [11] 
Annaba (Algeria) Rainfall IDW,KO,CRS               This study 
Ü
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2.2. Presentation of methods of spatial data 
 
The interpolation methods can be classified in two major groups: deterministic and geostatistical. 
Deterministic interpolation techniques create surfaces from measured points, based on either the extent of 
similarity (e.g. IDW) or the degree of smoothing (e.g. CRS). A deterministic interpolation can either force 
the resulting surface to pass through the data values or not. An interpolation technique that predicts a 
value identical to the measured value at a sampled location is known as an exact interpolator. An inexact 
interpolator predicts a value that is different from the measured value and should be used to avoid sharp 
peaks or troughs in the output surface. IDW and CRS are exact interpolators [12].  
A second group of methods is called geostatistical or stochastic methods. These methods are 
increasingly preferred because they capitalize on the spatial correlation between neighboring observations 
to predict attributed values at unsampled locations [13]. They are not simply based on an estimation of the 
unknown value as a function of the distance. In addition to that they implement the function of unknown 
spatial autocorrelation between the values of the sample points. The following deterministic and geo-
statistical methods were used in the study. 
 
2.2.1. Inverse Distance Weights (IDW) 
 
The inverse distance weighting or inverse distance weighted (IDW) method estimates the values of an 
attribute at unsampled points using a linear combination of values at sampled points weighted by an 
inverse function of the distance from the point of interest to the sampled points. The assumption is that 
sampled points closer to the unsampled point are more similar to it than those further away in their values. 
The weights can be expressed as: 
 
 
 j = (1/d P i  )Ȁሺ nj=1 1/d P i  )                                                                                                                       (1)       
                                                                                                            
 
Where di is the distance between x0 and xi, p is a power parameter, and n represents the number of 
sampled points used for the estimation. The main factor affecting the accuracy of IDW is the value of the 
power parameter. Weights diminish as the distance increases; especially when the value of the power 
parameter increases, so nearby samples have a heavier weight and have more influence on the estimation 
and the resultant spatial interpolation is local[14]. 
 
2.2.2. Spline  
 
Spline (completely regularized) interpolation consists of the approximation of a function by means of 
series of polynomials over adjacent intervals with continuous derivatives at the end-point of the intervals. 
Smoothing spline interpolation enables to control the variance of the residuals over the data set. The 
solution is estimated by an iterative process. It is also referred to as the basic minimum curvature 
technique or thin plate interpolation as it possesses two main features: (a) the surface must pass exactly 
through the data points, and (b) the surface must have minimum curvature [15]. 
 
2.2.3. Kriging 
Similar to IDW, kriging uses a weighting, which assigns more influence to the nearest data points in the 
interpolation of values for unknown locations. Kriging, however, is not deterministic but extends the 
proximity weighting approach of IDW to include random components where exact point location is not 
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known by the function. Kriging depends on spatial and statistical relationships to calculate the surface. 
The two-step process of kriging begins with semi variance estimations and then performs the 
interpolation. Some advantages of this method are the incorporation of variable interdependence and the 
available error surface output. A disadvantage is that it requires substantially more computing and 
modeling time and kriging requires more input from the user [16].  
Kriging belongs to the family of linear least squares estimation algorithms. The aim of kriging is to 
estimate the value of an unknown real-valued function, e, at a point, (x, y), given the values of the 
function at some other points, {(x1, y1), (x2, y2)... (x3, y3)}. A kriging estimator is said to be linear because 
the predicted value E(x, y) is a linear combination that may be written as:  
 
 E (x, y) = nj=1 j E (xj, yj)                                                                                                                         (2) 
                                                                                                                       
The weights j are solutions of a system of linear equations which is obtained by assuming that E is a 
sample-path of a random process F(x ,y) and that the error of prediction  
 
 
  (x, y) = F (x, y) - nj=1 j E (xj, yj)                                                                                                        (3)         
                                                                  
Is to be minimized in some sense. For instance, the so-called simple kriging assumption is that the mean 
and the covariance of F(x, y) is known and then, the kriging predictor is the one that minimizes the 
variance of the prediction error [16].  
 
2.3. Cross validation  
 
   Cross validation is used to compare measured values with interpolated values using only the 
information available in the sample data set. A cross validation study can help to choose between 
different weighting procedures, between different search strategies, or between different estimation 
methods. The sample value at a particular location is temporarily discarded from the sample data set; the 
value at the same location is then estimated using the remaining samples. Once the estimate is calculated, 
the calculated value can be compared with the true value that was initially removed from the sample data 
set. This procedure is repeated for all available sample values. 
 
3. Comparative analysis of results of three methods applied 
 
   The objective of the comparative analysis is to determine the most adequate rainfall interpolation 
technique in the city of Annaba by cross validation. The three different spatial interpolation methods are 
then applied to estimate the missing values on the basis of the remaining observed ones. , this operation 
has been repeated 10 times for each year (29 years) in order to get more precision on the mean results. 
(we recall that the study area has low measurement network density). Then, the global mean of the 
relative errors and its standard deviation was calculated and compared for each interpolation method to 
find the best method.   
 
4. Methodological principles of analysis 
 
Three spatial interpolation methods have been chosen for this article: Inverse Distance Weighting 
method and the Spline (completely regularized) as the determinist methods; and Ordinary Kriging as the 
stochastic methods. In order to analyze the interpolation quality, an evaluation by cross validation and 
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visual observation has been carried out. The cross validation starts by eliminating one of the available 
gauges. The three different spatial interpolation methods are then applied to estimate the missing value on 
the basis of the remaining observed ones. This process has been carried out on each rain gauge. For each 
interpolation test on the three methods, the rainfall observed values Z(x) have been considered, the 
estimated values (x), and the errors e(x) = (x) - Z(x). The mean of the errors and its standard deviation 
was then calculated for each interpolation method. 
 
5. Results and discussion  
 
   In this study we used the annual rainfall from 10 rain gauges for the period 1980-2008 .the mean of 
errors and its standard deviation was then calculated for each year, the results show that the difference 
between the estimation methods is 18 mm for a height of annual rainfall between 500 mm and 1150 mm. 
The method of ordinary kriging (stochastic, kriging) and the spline (completely regularized) are the least 
effective with mean of errors of 9.1% and 8.1% respectively. The contrary, the method of the inverse 
distances (deterministic, barycentric) is the most suitable with mean of error 6, 9 %. Calculated from 290 
values for each method: 10 rain gauges × 28 years). 
  
 
Table 2. Mean of errors (%) and standard deviation (%) for each interpolation methods 
 
 
methods of spatial 
interpolation 
Ordinary Kriging Inverse Distance 
Weighting 
spline 
 
Mean of  
errors (%) 
 

 : 9,1 % 
 

: 6,9 % 
 

: 8,1 % 
 
Standard deviation 
(%) 
 : 5,5 %  : 4,9 %  3,0 % 
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Inverse Distance Weighting                                                                                   Ordinary Kriging 
 
 
 
 
 
 
 
            
                                                                     Spline                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. mean annual rainfall (mm) of 1980-2008 in the city of Annaba with the three methods (the color legend used here goes from 
red for low values to blue for the highest values of rainfall) 
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<mm>
580 - 607
608 - 633
634 - 660
661 - 686
687 - 713
714 - 739
740 - 766
767 - 793
794 - 819
820 - 846
847 - 872
873 - 899
900 - 925
926 - 952
953 - 978
979 - 1 005
1 006 - 1 032
1 033 - 1 058
1 059 - 1 085
1 086 - 1 111
1 112 - 1 138
Legend
<mm>
676 - 691
692 - 706
707 - 721
722 - 736
737 - 751
752 - 766
767 - 781
782 - 795
796 - 810
811 - 825
826 - 840
841 - 855
856 - 870
871 - 885
886 - 900
901 - 914
915 - 929
930 - 944
945 - 959
960 - 974
975 - 989
Legend
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233 - 277
278 - 320
321 - 363
364 - 407
408 - 450
451 - 494
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538 - 580
581 - 624
625 - 667
668 - 710
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755 - 797
798 - 840
841 - 884
885 - 927
928 - 971
972 - 1 014
1 015 - 1 057
1 058 - 1 101
1 102 - 1 144
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6. Conclusion 
 
   The spatial interpolation of annual rainfall in 29 years was studied using interpolation methods; Inverse 
Distance Weighting, spline and Ordinary kriging. The results comparative of three methods of spatial 
interpolation, by cross-validation in the table (01), and visual analysis of the fig (02), given that the 
models used unacceptable as a result of the low density measure network. However there were significant 
differences depending on the interpolations used determinist and stochastique. Ordinary Kriging and 
spline are the less efficient interpolation methods with mean error 9,1% (72,07 mm) and 8,1 (70,49 mm) 
respectively. On the contrary, Inverse Distance Weighting method is the method interpolation the most 
representative for characterize rainfall distribution in the city (Annaba),with mean error 6,9% (54,65 mm) 
. Given the quality of the results (large mean errors); the methodology used was proven efficient and 
could serve for other sites. 
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